Answers to Odd-Numbered
Problems

CHAPTER 1

1.1. (a)2 m;(b) 0.8 m northward and 0.4 m eastward; (c) 0.8944 m
1.5. 21
17. 2a, + 2a, + a,
19. (4a, — 5a, + 3a.)/5V2;6V2
L11. (4a, + 4a, + a)dz
113. (4a, —a,)/\V17
1.15. x + y + z = constant
117. o(—ya, + xa)
1.19. Traveling wave progressing in the negative z-direction
1.21. (a) Linear; (b) circular; (c) elliptical
1.23. Elliptical polarization
1.25. 5cos(wt + 6.87°)

1.27. V8weyl’mg

0.0555
1.29. . Q (a, +a, +a,)N/C
0

1073 . 4 2 -3/2
1.31. > (2i - D)[1074(2i — 1)% + 1] ¥,

TEQ =1

4 X 10—7 50 50
1.33. S 310742 — 1)> + 1074(2j — 1)* + 1]¥2a,

mE€)  i=1j=1
1.35. (a) 0.4485 X 10 ®sin 27 X 10t a, A/m?
(b) 0.4485 X 10 ¥ sin 27w X 10"t A

1.37. dF, = 0; dF, = ff—“lll2 dx dya,
T

1.39. (a) (5 X 10 %uy/m)a,; (b) —(10 *ug/4m)a,
141, 0.179ula,
1.43. _’U()Bo(14ay + 731)

433
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CHAPTER 2

2.1.
2.3.
2.7.

2.9.

2.11.
2.13.

2.15.

2.17.

2.19.
2.21.
2.23.

2.25.
2.27.

2.29.
2.31.

2.33.
2.35.

0.855

1

1/6

(4n*> — 1)(1 — e
12n%(1 — e V/m)

167

30 A

1 1
0 UO(XO +a xo)

X0 + a . 1 1
Bybw In sin wt — Bybvy — — | cos wt
X0 + a X0

e 1/21:0.20825,0.21009, 0.21070, 0.21071

X0
2B w sin wt
0
(a) 0;(b) Iy — I,

Jor Joa® : o .
BN for r < a and e for r > a, where r is the radial distance from the axis;
direction circular to the axis of the wire

(a) I/4; (b) 1/4

0.31606 C

por/3€p for r < a and p0a3/3eor2 for r > a, where r is the radial distance from
the center of the charge, and direction radially away from the center of the
charge

-1A

/2

CHAPTER 3

3.1.
3.3.

3.5.

3.7.

3.9.

3.11.
3.13.
3.15.

2
wB0? sin wt a,

(a) za, + xa, + ya; (b)0

1
3% 1077 cos (67 X 10% — 27z)a, Wb/m?
2
B = —wugepEy 3 cos wt a,
2
E = —wz,u,oeoEO E sin wt a,

E = 10 cos (67 X 10% — 2mz)a,

_ 107 8
B = —3cos (6 X 10°% — 2mz)a,

Jo(a + z)a, for —a < z <0, Jy(a — z)a, for 0 < z < a, 0 otherwise
Curl will have a component in the y-direction in addition to the x-component
Curl has only a z-component
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317. $.A-dl=0foranyC

319. (a)3(x>+ y* + 22):(b) 0
3.21. (a) —xa, y; (b) —a, 0;(c)0,1;(d) 0,0
Po

323. —(x* — d®)a,for —a < x < a, 0 otherwise
2a60

3.25. (a)and (¢)

327. Ver=3

329. §A-dS =27, V-A=3
331 0

CHAPTER 4

41. (a)02A;(b)0;(c)0.2A
4.3. (a) 0.2 cos wt A; (b) 0.2 sin wt A;(c) 0.2828 sin (wt + 45°) A
4.5. (a) £0.0368 cos wt a, for z = 0+; (b) +£0.0135 cos wt a, for z = 0+

a 7 Z
4.7. JOanforz < —a,—Jl z + a a,for—a <z <0,-Jy| z — 2 a, for

a
0<z<a, —]Ogayforz >a

4.9. —(poa/eg)a, for x < —a, (pox/eg)a, for —a < x < a, (pga/€y)a, for x > a
415. (¢ — z\/,LE)2 corresponds to a (+) wave; (¢ + zV pge)? corresponds to a

(—) wave
J
ar7. ¢ ="

J.
For Problem 4.13, E, = ”’)0250 (t F 2V oeo)? for z = 0 and

E,
H,= +—forz=0

Mo
4.19. E = [0.1ncos (6 X 10% F 27z) + 0.05n, cos (127 X 10% F 4mz)]a,
forz =0

Ey
H=+—aforz=0
Mo
1
4.21. Spacing = A/4; amplitudes = 15075150; phase difference = /2
4.23. (a) right circular; (b) left circular
E
4.25. 70 [cos (ot + Bz)a, — sin (0t + Bz)a,]
E, .
iy [cos (wt + Bz)a, + sin (wt + Bz)a,]

2
427. 125 Eo[cos (27T x 10% — %z + 0.20487T>ax

2
+ sin (277 X 10% — STz + 0.2048w>ay}
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4.29. (a) Same as in Figure 4.17, except displaced to the left by 1/3 us;

(b) 75.4 V/m for 300(n — 1/3) < |z| < 300n and —37.7 V/m for
300(n — 1) < |z] <300(n — 1/3),n =1,2,3,...;
(c) 0.2z/1z| A/m for 300(n — 1) < |z| < 300(n — 2/3) and
—0.1z/|z| A/m for 300(n — 2/3) < |z| < 300n,n = 1,2,3,...
4.31. 30mV/m

CHAPTER 5

5.1. (a)0.1724 X 1074 V/m, 0.1724 X 1079V, 0.1724 X 107 Q;
(b) 0.2857 X 107*V/m, 0.2857 X 107°V,0.2857 X 107 Q;
(c) 250 V/m, 2.5V, 25 Q

53. 1.5245 x 10775

5.5. (a) —8.667 X 1077 sin 27 X 10%t A; (b) —2.778 X 10 ®sin 27 X 10°t A;
(c) —4.444 X 1073 sin 27 X 10°t A

5.7. (a) egEy(4a, + 2a, + 2a,);(b) 8€oE(a, + a, + a,);
(c) 0.5Ey(3a, — a, — a,)

59. le|*Bya*/2m,0.7035 x 10~1% A-m?

511. 0.5 X 10 ®sin27z A
-

5.13. %ﬁy = ¥°H,

5.15. 0.00083 Np/m,4.7562 X 10~3 rad/m, 1.32105 X 10% m/s, 1321.05 m,
(161.102 + j28.115) O

5.17. E = 3.736e 04042 cos (277 X 10% F 0.0976z + g) a forz =0

H = £0.05¢704%% cos (277 X 10% F 0.0976z)a, for z = 0
5.19. 16.09 m, 1.917:1, 90° out of phase
5.21. (a) 30 MHz; (b) 5 m; (c) 1.5 X 10® m/s; (d) 4e;

1
(e) o cos(6m X 107t — 0.47z) a, A/m
v

5.23. (a) Same as in Figure 4.17,
(b) 75.4 V/m for 100(n — 1/3) < |z| < 100n and —37.7 V/m for
100(n — 1) < |z] < 100(n — 1/3),n = 1,2,3,...;
(c) 0.6z/|zl| A/m for 100(n — 1) < |z] < 100(n — 2/3) and —0.3z/|z| A/m
for 100(n — 2/3) < |z| < 100n, forn = 1,2,3,...
5.25. (a) 0.0211 Np/m, 18.73 rad/m, 0.3354 X 10% m/s, 0.3354 m, 42.15 Q;
(b) 27 X 1072 Np/m, 27 X 1073 rad/m, 10" m/s, 1000 m, 27 (1 + j) Q
5.27. E\(4a, + 2a, — 6a,), Hy(4a, — 3a,)
5.29. 2¢,
5.31. Yes
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5.33. 4D
E
535 (b) 20077 cos 10mx sin 37 X 10% a;
EO . 9
(c) sin 37 X 10°t a, on both sheets
1207 '
5.37. (a)4;(b) 16;(c) 4/9
E
539. E, = —Ejcos (ot + Bz)a, H, = =% cos (ot + Bz)a,
n
. . 2E,
E = 2E;sin wt sin Bz a,, H = — cos wt cos Bz a,
n
2E
[Jsl.=0 = =0 cos wr a,
n
CHAPTER 6
xa, + ya, + za,
6.1. (a) ; (b) yza, + zxa, + xya,
Vx? + y2 + 72
1
6.3. ——(5a, + 2a, + 4a,))
3V5 o
6.5. 2.121
6.7. Q/30meq
1075 50
69. V = S10742i — 1)? + y* 712
TE€Y =1
107 3 4 2 32
E = 107%(2i — 1) + 1]
e 207G =17 + 1] P,
4€OVO< X ) 2B 4egV
6.11. -——— = ; (b =0 =
(a) 9d2 d 7( ) [ps]xfo ’ [ps]xfd 3d
kx*  kd*x d d
A3, V= —— + for—— < x < <
613. V be 3e or ;<X <5
d—t)+ [
6.15. (a) il ) * &lt — x) Vofor0 < x <,
Gl(d - t) + Ezt
El(d - x)
——————Vyfort < x <d
€1(d - l) + Gzt
El(d - t) €1€2Wl
b)——————— V(o) —————
(®) ed—1) + et © e(d — 1) + eyt
2
617, 12 (dl)
L 17 AN
_ I ‘pel®
619. Y, = jo E:; (1 + L 'L;e ); equivalent circuit is a series combination of

dl
C = LWlandlL,whereL = &2
d 3 w

437
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jwudl/l B jw,t;alz
parallel with a resistor 3R where L = udl/w and R = d/alw
6.23. (a) 27 cos (27 X 10% — 0.027z) V; (b) 0.25 cos (27 X 10°% — 0.027z) A;
() 0.57 cos® (2 X 10% — 0.027z) W
6.29. & = 0.429u, 6 = 2.333¢, 6 = 2.3330; exact values are 0.4192u, 2.3855¢, and
2.38550, respectively

621. (b)Z;, = ); equivalent circuit consists of an inductor L in

1
6.31. 9 u, 9¢, 9o

CHAPTER 7

7.1. (a) £ = 0278 X 10" °H/m, § = 4.524 X 107 'S/m;
(b) (52.73 + j0) Q
2A ,
—j 5 2 sin Bz; Z, = —jZ, cot Bl
7.5. (a) 0.60286 m; (b) 1.35286 m

7.7. (a) 50 Q; (b) 8.09V,0.1176 A
7.9. (a) 10% m/s; (b) 10° m, 2 X 107°, j0.00079 Q; 1m, 2, 0; 8m, 0.25, o

7.3. V(z) =2Acos Bz,1(z) =

711. (a) 11610,, (b) Pl, (©) P

7.13. 150 Q

7.17. —0.00533 S, 1.667

7.19. 0.14A,0.1921

7.21. (a) 40V for —40 < z < 60 m, 0 otherwise;

(b)%A for0 < z < 120 m, —%A for —80m < z < 0, 0 otherwise;
(c)0for0 <t < 0.1 us,40V fort > 0.1 us;
(d)0for0 <t < 0.2 us, —%Afort > 0.2 us

7.23. (a)60V,1A;(b)67.5V,09A;(c) -75V,0.1 A

7.25. [I]icoap o A
[V][:().Z,L ¢V %
-80 -20 |
L1 ] L
N~ 1| 30 1o > o"
,m 7?
(b)
[V]z:SOm’V [1]1:740111’A
40 0.2 0.5
/\l 0 | | | J t, us
\ \ t, s 1}»
0 0.1 0.4 ’ 3

(©) (d)
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7.27. V’V
0 . 15
= 2§MS
30 30 1
| / 0.5
,& \L/ l z 2
3 2 9
30 0 ‘
(a) (b)
[V]z:hV
30 30
10
LA 1 3
0 1 2 3 4 s
(©)
7.29. 146V 2 1
731. (a)40Vfor -l <z < l;—gAfor -1<z< 0,§Afor0 <z <l
130
(b) T X 107° J;

(c) Voltage across 60 2 = 40 Vfor0 <t < 1us,10Vforl <t < 3 pus,
0 otherwise; voltage across 120 3 = 40V for 0 < ¢ < 1 us, 0 otherwise;
130

(d) T X 1076.]
7'33' [V]z =0 v [V]z =D \%
10 —
5.4 51 LS 6l
) 05 =
o 2 Ve
0 t 0 t
I E a7 2 JTR -
v, v, v, v o8 U —0.4
44
=7

7.35. (a) 38.4 Q;(b) 484 O

CHAPTER 8
8.1. 0.05w(V3a, + a,)
8.3 ! a +ﬁa +La
Tov2Tr 2T 22

8.5. (a) Yes;(b) ﬁ(\@ay — a,)cos [6m X 10"t — 0.17(y + V37)]
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8.7. (a) %(ax + V3a,); (b) 8V3m, 24 m

8.9.
8.11.

8.13.

8.15.

8.17.
8.19.
8.21.
8.23.

8.25.
8.27.

8.29.
8.31.

1cm
3600 MHz, 5400 MHz

80
TE, , mode; 10 sin 20mx sin (mmm = ;Tz> a,

0.5769 x 10° m/s

(a) 2.121Vkwy, 1.414VEawy; (b) 2Vkwy, 2V kwy; (€) 2.121V ke, 2.828VEaw,
TE; 0, TEq4, TEy, TE 1, and TM

6.5cm,3.5cm

3535.5 MHz (TEI,O,D TEO,l,l)? 4330.1 MHz (TEl,l,b TMl,l,l)’ 5590.2 MHz
(TEz 01, TEg21, TE; 02, TEg12)

(a) 41.81° (b) 48.6°

E, = —0.1716Eqa, cos[6m X 10% + V2 (x — z)]

E, = 0.8284Ea, cos[6m X 10% — V2m(\V2x + 2)]

75.52°

V3

CHAPTER 9

9.1.
9.5.

9.7

9.9.
9.11.

9.13.

9.15.
9.17.

9.19.

9.21.

9.23.

9.25.

9.27.

9.29.
9.31.
9.33.

0.27 cos 2 X 107t A
0.2A
. (2) 1257 X 1073 V/m; (b) Rypq = 0.0351 Q, (Prpg) = 1.7546 W
1.111W
\/(Deradz)/ (D1Ryaa1)
7
17
8
0.60943
1.015W

(a) Ey =

_mBLI, sin 0
8mrr
(b) Ripa = 207*(L/A)% D = 1.5

a an T
e cos <4 cosy — 8)
cos2<7T cos 1p>

2

cos i cos (77 cos iy — W)
4 4

E
sin (wt — Br), H, = =5
n

{cos (727 cos 0) } / sin 0, where 0 is the angle from the vertical, D = 3.284

4
0.00587V
13.262 A
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CHAPTER 10
10.3. (a) 5 x 108 m/s; (b) 50 m; (c) 1000
10.5. 101.31°
10.7. 143.24
10.9. 121.71 db
10.11. (a) 10/KVy/T for T <t < 1.1T,—10IK;V,)/T for 1.4T <t < 1.5T, 0 otherwise
(b) V2(0.1)
KIJVO —
NA | | 21T 24T .
01T 04T 05T T 27\ | " [asT
KW -
(©) V5(0.81, 1)
KpVo 1=
A:.9T \LST 1.6T1.7T
0 [ | [\ [ ¢
08T T 1.2T~ /
—KyVo |-
10.13. (a) —0.2K,V((z/I) for 0.9] < z < I
(b) KpVyfor 0 < z < 0.91, 10K,Vy(1 — z/I) for 0.9 < z < I
(c) KpVyfor 0 < z < 0.9, K,V(10 — 10.2z/1) for 0.9 < z </
10.15. ' = —0.3252, 7 = 0.6748
10.19. (a) 0.1654 X 1073 V/m; (b) Raq = 0.6077 X 1073 Q, (P,,q) = 0.0304 W
APPENDIX A
Al. -3a, + V3a, + a,
A.3. Equal
1 1
AS. ——,—
V2 V2
A.7. 13a, + 6a,
APPENDIX B
B.1. (a) —sin ¢ a_, cos ¢; (b) 0,0 exceptat r = 0; (c) 0 exceptatr = 0,0
1 2 2
B.3. a(,.a(D) + l@ + Q
ror\ or r?ap* 9z’
1
B.5. (a) —— (sinfa, — cos 6 ay); (b) cosfa, — sin 6 a,
r





